Objective The objective of this study is to measure delivery length of stay (LOS) and cost as proxies for infant morbidity in assisted reproductive technology (ART) and subfertile deliveries. Study Design Massachusetts singleton births, ≥ 23 weeks gestational age (GA) between 2004 and 2010, were linked with ART data, vital records, and hospital discharges. LOS and costs (2010 US dollars) of infants born to fertile (no ART or indicators of infertility), subfertile (indicators of infertility but no ART), and ART-treated (linked to ART data) deliveries were compared. Least-square means and SE were calculated. Results Of 345,756 singletons (fertile n = 332,481, subfertile n = 4987, and ART-treated n = 8288), overall LOS was 3.79 ± 0.01, 4.32 ± 0.15, and 4.90 ± 0.04 days, and costs were $2980 ± 6, $3217 ± 58, and $4483 ± 62, respectively. GA and birthweight predicted much of the intergroup difference. Conclusion Maternal fertility group was not an independent predictor of infant LOS and costs. Prematurity and birthweight were driving factors in resource utilization.
Introduction
Healthcare costs in developed countries have risen steadily over the last five decades [1] . Although the conversation is gradually shifting from the costs of care to the value (i.e., the health benefit for the dollars spent) [2] , expensive technologies are often a topic of contention. Treatment with assisted reproductive technology (ART) is one example where both the patient and the payor can incur a large cost from both the procedure itself [3] and downstreamassociated costs related to excess morbidity and mortality of the offspring (e.g., extreme preterm birth) and the mother [3, 4] . There are particular challenges in understanding the economics of infertility care and ART that are driven by the outcome being studied (e.g., early gestation heart beat vs. live birth vs. a time point later in childhood) and thus the time horizon associated with the cost accounting [5] .
Analysis of the cost of ART has previously been mostly limited to the intervention plus the cost of successful pregnancy. The cost of infant outcomes has been largely driven by prematurity and low birthweight [6, 7] . Other factors are known to increase the costs for singleton offspring from ART pregnancies, including the number of embryos transferred, although the increase in costs is also largely driven by prematurity [8] . Twins and higher-order multiples, the numbers of which are both increased as a result of ART, are both known to contribute to increased costs compared with singletons, both during the birth hospitalization and first year of life [9] .
Although preterm birth carries a lifelong influence on survivors [10] , there is evidence that the effect of ART on health outcomes of offspring persists even after controlling for co-variates such as gestational age (GA) and birthweight; however, our knowledge and data are limited on the effect of ART on costs of care for these infants is wanting [11] . Furthermore, subfertility itself, in the absence of ART treatment, may be associated with additional morbidity in offspring [12] . Therefore, the goal of this study was to understand the overall influence of treatment with ART and of subfertility without ART treatment on the birth hospitalization length of stay (LOS) and cost of care among singletons on a population basis.
Methods

Data source
The Massachusetts (MA) Outcome Study of Assisted Reproductive Technology (MOSART) is a longitudinal population cohort of all births in MA. The details of the MOSART cohort have been previously described [6, 13, 14] and are briefly reviewed here. MOSART is a database that combines the Society for Assisted Reproductive Technology Clinic Outcome Reporting System (SART CORS) [15] , a clinical database of treatment information on all ART cycles in MA and the Pregnancy to Early Life Longitudinal (PELL) data system [16] [17] [18] , which links birth certificates to hospital discharge records for mothers and infants. PELL is a unique, longitudinal, population-based database in MA that links multiple sources of data, capturing diagnostic codes, healthcare utilization and associated costs using hospital related discharge data.
Patient population
The sample for these analyses was limited to singleton births born to mothers > 18 years of age in MA between 1 July 2004 and 31 December 2010, and it included the first delivery to each woman within the MOSART database so as not to include repeat deliveries to the same woman. The sample was limited to infants born alive at >/= 23 weeks GA and discharged home. In order to account for interhospital transfers of sick neonates, we considered a "birth" hospitalization the combination of the initial birth and any inpatient hospital admission to a different hospital within 1 day of discharge from the original hospital (where applicable), as this would most accurately reflect the LOS and cost as related to the original birth hospitalization. This approach has been previously applied for this cohort [18] . In addition, we excluded patients with a missing co-variate and/or outcome, as well as those whose LOS was implausible based on GA or birthweight (23-27 weeks < 21 days; 28-33 weeks < 7 days; ≤ 1000 g < 21 days; 1001-1500 g < 15 days) (Supplemental Figure 1) . The plausible estimates for LOS were based on what is typically expected for babies born at the stated gestational and birthweight and how long it takes to reach physiologic maturity, in order to be discharged from the hospital.
Independent variable
The primary predictor of outcome was the maternal fertility group, as previously described [13] . The women were categorized in one of three mutually exclusive groups: [1] fertile-those without ART or other non-ART Medically-Assisted Reproduction (MAR) techniques or other indicators of infertility; [2] subfertile-those without ART, but who had other indicators of infertility, including a diagnosis of infertility (i.e., ICD9 code 628.9 in maternal hospitalization records during the 5 years before the birth or fetal death certificate, indicating the use of non-ART MAR); and [3] ART-treated-those deliveries linked to the SART CORS online database. The definition of subfertility is closely aligned with the recent publication by the International committee for Monitoring Assisted Reproductive Technologies [19] . However, the term subfertility was used instead of MAR or infertility, as some patients fell into one or the other of these categories but few fell into both.
Primary outcomes and co-variates
Length of stay
We evaluated the total LOS for the birth hospitalization for survivors. Initial comparison was made for all infants from the three fertility groups and then secondarily stratified by GA categories ( ≤ 27 weeks, 28-33 weeks, 34-36 weeks, 37-38 weeks, ≥ 39 weeks), and birthweight ( ≤ 1000 g, 1001-1500 g, 1501-2500 g, ≥ 2501 g). We adjusted a priori for a number of pre-specified variables based on previously known confounders in this cohort [13] (maternal age, race, education, payer (self-pay, private, public), pre-existing diabetes and hypertension, parity, and infant sex), as well as other factors that could affect the birth hospitalization LOS and cost (birth year, GA as a continuous variable, mode of delivery (vaginal, cesarean-primary and repeat, and vaginal birth after cesarean)‚ maternal prolonged LOS, as well as gestational diabetes and gestational hypertension). The LOS was presented as mean and SE, as well as median and interquartile range (Q1 and Q3).
Cost
Cost data in US dollars were determined using the hospital charges from the PELL data system in accordance with previous publications [16] [17] [18] as described briefly here. The total costs were calculated by multiplying the charges from the discharge record by the hospital-specific cost to charge ratios. All costs were adjusted for inflation to 2010 US dollars using the General Medical and Surgical Hospitals component of Producer Price Index (Bureau of Labor Statistics). The year 2010 was chosen as the year of currency, in order to reflect the last clinical year of patients included in the study. Professional fees are not included as part of this cost accounting method. The costs included were only for the birth hospitalization of the infant. We did not include any costs that resulted from prenatal care, prenatal testing, nor for fertility evaluations and/or treatment. The cost was presented as mean and SE, as well as median and interquartile range (Q1 and Q3). For multivariable modeling, we adjusted for the same co-variates as described above paragraph for LOS.
Statistical analyses
Chi-square test analysis of variance were applied for categorical and continuous variables to assess the unadjusted relationships between the co-variates and across maternal fertility groups. Initially, we determined the mean LOS and cost by GA and birthweight strata. Given the non-normal distribution of the LOS and cost data, we used generalized linear model with logarithmic link function and the gamma distribution in our statistical models (both unadjusted and adjusted) to determine the least-square means and SEs for LOS and cost [20] . 
Results
A total of 345,756 singletons, born between 2004 and 2010, at >/= 23 weeks gestation, who survived to first discharge home were eligible for the analysis (332,481 fertile, 4987 subfertile, and 8288 ART-treated). Compared with offspring of the fertile group, infants born to women in the subfertile and ART groups were born to mothers who were older, predominantly non-Hispanic White, more likely to be college educated, have private insurance, be married, and have delivered by caesarean (Table 1 ). In unadjusted analyses, the infant sex distribution was similar between the two groups (51.2% male vs. 48.8% female) and those born to subfertile and ART-treated mothers were more likely to be preterm and low birthweight ( Table 1 ).
Length of stay
The overall unadjusted LOS for this sample was 3.79 days (SE = 0.01) in the fertile group, 4.32 days (SE = 0.05) in the subfertile group, and 4.90 (SE = 0.04) in the ARTtreated group (p < 0.0001 for between-subgroups and overall comparison). The unadjusted LOS was inversely related to GA and birthweight. There were no statistical Public is a composite of Free care and Public c p = 0.96 d Mean and SD CS cesarean section, GA gestational age, VBAC vaginal birth after cesarean differences between the fertile, subfertile, and ART-treated groups in the younger GA and smaller birthweight strata, but some differences were observed for infants > 37 weeks and > 1500 g ( Table 2 ). In the multivariable analysis, when stratified by GA, there was no difference in the birth hospitalization LOS for the 23-27 weeks, 28-33 weeks, and 34-36 week groups, neither overall nor between the individual subgroups. However, the LOS was statistically higher in the 37-38 week strata: 4.11 days (SE = 0.05) days in fertile group vs. 4.16 days (SE = 0.08) in the subfertile and 3.96 days (SE = 0.07) in the ART-treated group with overall p-value of 0.0057 (Table 3 ). Similar statistical trend was noted in the > 39 week group (Table 3) .
When stratified by birthweight categories, the LOS was only statistically different in the 1001-1500 g category between the three fertility subgroups: 49.95 days (SE = 2.48) in the fertile group vs. 61.47 (SE = 5.59) in the subfertile, and 49.21 days (SE = 3.23) in the ART-treated group (overall p-value = 0.029) ( Table 3 ). The remainder of birthweight strata demonstrated no statistically significant differences in the adjusted LOS across the three groups.
Costs
The overall unadjusted infant cost through first discharge home was $2980 (SE = 6) in the fertile group, $3271 (SE = 58) in the subfertile group, and $4483 (SE = 62) in the ART-treated group (p < 0.0001 for between subgroup and overall comparison). Similar to LOS, the cost of the birth hospitalization was inversely related to GA and birthweight (Tables 4 and 5). When stratified by GA, the adjusted cost difference between the three groups was only different in the 37-38 week and > 39 week categories, with a higher cost in the fertile and subfertile compared with ART-treated Length of stay and cost of birth hospitalization: effects of subfertility and ART groups for 37-38 week strata (overall p-value < 0.0001) and, conversely, incrementally higher in the subfertile and ART groups compared with fertile in the > 39 week strata (overall p-value < 0.0001) ( Table 5) . When stratified by birthweight, differences in adjusted cost were noted in the 1001-1500 g subgroup with higher cost in the subfertile group ($83,450 SE = 12,246) compared with fertile ($63,012 SE = 4995) (p = 0.0343) and ART-treated ($60,608 SE = 6351) (p = 0.031), as well as in the 1501-2500 g and > 2500 g populations. For the 1501-2500 g strata, the adjusted cost was higher in the fertile group ($9368 SE = 491) compared with subfertile ($8073 SE = 685) (p = 0.0325) and ART-treated ($8261 SE = 595) groups (p = 0.018). Conversely, the 2501 g strata had higher costs in the ART-treated compared with fertile and subfertile groups ( Table 5 ).
Discussion
Among this sample of singletons born between 2004 and 2010 in MA, the overall unadjusted LOS and costs were highest for the ART-treated group, followed by subfertile and then fertile group. Although the differences between the three groups were minimized when stratified by GA and birthweight, some statistically significant differences remained in the LOS and the cost of care during the birth hospitalization when adjusted for known confounders in offspring of mothers of the different fertility groups (fertile, subfertile, ART-treated). With the exception of the birthweight strata of 1001-1500 g, those statistical differences were typically observed in older ( ≥ 37 weeks) and larger ( > 1501 g) infants. The relationship in LOS and costs of those sub-populations where there were statistical differences observed did not consistently follow the hypothesized pattern where the cost of the subfertile and ART-treated offspring would be higher than those of fertile mothers. Furthermore, the relationship did not disappear despite adjustment for known co-variates of infant LOS and costs such as gestational diabetes and hypertension and mode of delivery. Regardless of the adjusted values, the unadjusted values are the actual resources spent on this patient population and are on average higher (i.e., ART-treated greater than subfertile, which is greater than fertile groups). That increase appears to result from the increased comorbidities of the mothers and complexity of the pregnancies, leading to increased risk of low birthweight, preterm birth, as well as other infant outcomes driving the costs of care [21] .
Although findings are supported by the general knowledge that GA and birthweight are two of the largest drivers of the birth hospitalization [22] , there have been reports in the literature that singletons born via ART compared with non-ART singletons are associated with a longer LOS during the birth hospitalization and larger costs related to hospitalization from birth through the first 5 years of life, largely driven by the birth hospitalization, even when adjusted for GA and birthweight [23] . The different findings between our study and those by Chambers et al. [23] are likely driven by their using GA and birthweight categories as co-variates in the model rather than stratifying the results, as was done in our work. In addition, we adjusted for preexisting maternal diabetes and hypertension, which were more prevalent in the subfertile and ART-treated groups than in the fertile group. We also adjusted for infant gender and stratified the groups into three categories (fertile, subfertile, and ART), as opposed to ART vs. non-ART alone. MOSART is a unique data source, as it capitalizes on state and national data sources, as well as maternal-infant linkage and costs, and successfully links them together, in order to study outcomes based on maternal infertility and fertility treatment. This population-wide approach limits the selection bias of other observational and case control studies by being inclusive of all resident births in the state of MA. Moreover, inclusion of all MA births allows for greater statistical power to find subtle differences in outcomes based on maternal fertility group that can be limited by the sample size.
Although the main findings from our analyses demonstrate some differences in LOS and costs, they do not necessarily follow the previously expected pattern of ART infants accumulating higher resources, at least in singleton deliveries. The LOS difference in the higher GA strata is not clinically significant, although the cost differences could be considerable given that > 37 weeks represents the highest proportion of births. Previously published work in an Australian population where the cost of a birth admission of ART compared to non-ART population was higher, was driven by higher incidence of low birthweight and very low birthweight in that subgroup [11] . Nevertheless, both the Australian population study [11] and a smaller regional US based group of patients with ART [8] included twins and higher-order multiples who had incurred higher costs. Despite the large sample size, in particular in the older gestational and birthweight strata, our results do not follow the same pattern at all GAs. Of note, the observed differences in both the LOS and costs in the 1001-1500 g birthweight strata are likely explained by the small numbers in the subfertile (n = 22) and ART (n = 70) groups.
Despite the comprehensive nature of MOSART, we note some limitations in our analysis. First, the generalizability of our data has to be taken in the context of MA population, where infertility treatment has had some degree of mandated insurance coverage as compared to other states, which may affect clinical practice [24] . However, the advantage of using MOSART allows capturing both the racial and economic diversity within this population. Second, the cost accounting system only captures the hospital costs and not the professional fees. Although the professional fees are not insignificant in sum, they typically represent less than ten percent of the total hospital costs [25, 26] and would be unlikely to minimize the cost difference between the three groups. Furthermore, the professional fees would not affect the LOS outcome, which would be potentially more appealing for stakeholders in a different healthcare system, for example in a different non-insurance mandated state. Lastly, this dataset was limited to only singleton births. It has been previously shown that twins and higher-order multiples have increased healthcare utilization in the first five years of life [27] , and we wanted to isolate any potential findings as related to maternal fertility group in singletons, limiting the confounding of multiples despite the fact that these occur in higher numbers in the subfertile and ARTtreated groups.
In conclusion, maternal fertility, subfertility, or ART treatment were not independent predictors of infant LOS or costs during the birth hospitalization after adjustment for other potential confounders and stratified by GA and BW in singleton pregnancies in this patient population. Prematurity and birthweight remain the predominant inverse correlates of LOS and cost, and are thus two of the most heavily weighted factors for birth hospitalization resource utilization in a newborn. Despite that adjustment, as ART and subfertility are associated with increased prematurity and low birthweight, the actual costs of care will remain higher in these groups. Furthermore, the effects of maternal fertility group on resource utilization and downstream costs in the offspring may require a longer time horizon to understand the complete economic impact of fertility group as hinted by previous work demonstrating higher odds of early intervention enrollment in ART-treated and subfertile groups compared to the fertile group [28] . Future work will be needed to assess the associated healthcare costs of the offspring born to mothers of different fertility groups beyond infancy and into later childhood.
